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strategy is focus on the impingement of two jets [1] . But, one may wonder 12 whether there are any advantages, or not, if more than two jets are considered 13 to produce the spray. In previous works, multijet sprays produced with 2, 3 14 and 4-impinging jets have been applied for thermal management [2, 3, 4], and 15 drop dispersion patterns have presented some geometric features, depending 16 on the number of impinging jets [5] , which is a feature distinguishing these 17 sprays from the usual ones based on circular, annular or eliptical patterns.
18
Moreover, the characteristics of droplets (size and velocity) did not appear 19 to change significantly between the impingement of two, and more than two 20 jets, requiring more fundamental work to provide further insight into the 21 hydrodynamics underlying the atomization process using more than two jets.
22
This is one of the aims of the present work considering the impingement of 23 2 and 3 jets.
24
The work here follows a previous one [6] and is also aimed at finding the 
Empirical correlations for droplet characteristics

42
In order to design tailored multijet sprays, it is important to establish 
On the one hand, the aforementioned correlations are relevant in the sense 
Based on a non-linear model for impinging jet atomization, Ibrahim and
93
Outland [13] suggested that ligaments disintegrate from the liquid sheet 94 twice per wavelength and that the sheet thickness at breakup is 2h, thus 
where β is a coefficient determined by conservation of mass and momentum,
105
and it is numerically determined according to [15] by
In the visualization performed in this experimental work, a closer obser- 
119
It is noteworthy that all these models consider ideal cases with a leaf- 
Experimental setup and Diagnostic techniques 133
An experimental facility has been built to perform fundamental studies 90% is applied.
157
The characterization of droplet velocity is made using a Particle Track-
158
ing Velocimetry algorithm, as described in Vukasinovic et al. [17] , where four images and jet velocity (u j · (t i+1 − t i )) and centered on a certain droplet i.
163
For all droplets j within r 1 around droplet i, a velocity vector is calculated The image processing results are analyzed using a classical statistical ap- It has been argued in previous works that the physics of atomization 187 developed for sprays with N j = 2 could be applied to sprays produced by 188 more than 2 jets [5] . However, some differences have been measured and 189 more fundamental work was required. Here, we will present some of the first With N j = 3, the hydrodynamic structure of the liquid sheet is tri- It is observed that rim-droplets have the highest velocities and upward- to We j and θ, one is able to observe in Fig. 6 that the mean drop size does 226 not significantly vary between the sprays produced by 2-or 3-impinging jets.
227
However, two stages are distinguished in terms of droplet characteristics.
228
Namely, an intense decrease of drop size occurs until We j ≈ 100 − 150,
229
followed by a stage with a nearly stabilization of that size, regardless of the 230 impingement angle.
231
The reason for these stages is associated with the kind of liquid sheet 232 formed after jet impact. Fig. 7 shows a typology of the morphological changes With N j = 2, a larger impingement angle ( with similar We j are evidenced for a normalized pre-impingement length of 5.
276
The images on the left in Fig. 8b show droplets formed from the fragmenta- 
279
However, theoretically, the fact that drop size is nearly independent of We j (≥ 280 150), implies that most droplets are formed increasingly closer to the char-281 acteristic size of droplets emerging at ϕ = 0 theoretical limit. 
314
In fact, Fig. 11 shows for 2θ = 80
• that an increase in We j is followed 315 by a larger number of droplets detaching at higher azimuthal angles and,
316
although not depicted, from We j ≈ 250 onward, droplets practically emerge 317 throughout the entire azimuthal range with both N j = 2 and 3. 
Tailoring multijet impingement sprays
319
As mentioned in the introduction, a tailored spray implies the knowledge with data:
The other approach is to consider distinct exponents for We j and f (θ): The values of the correlation coefficients are summarized in provided for the design of tailored multijet impingement sprays.
380
It is noteworthy that also in the velocity, the effects induced by the ge- where the resultant average velocity associated with the liquid sheet is lower.
385
The residual values of the difference between data and the correlation results
386
for N j = 2 correspond to -0.59% of systematic error or bias and 10.9% of ran-387 dom error, while for N j = 3, the bias is -1.22% and the random error is 16.5%. lengths, normalized by the jet diameter (d j = 1mm), ranging from 2.5 to 7.5.
399
The Weber number of the jets (We j ) varies from 20 to 500. The characteri- 
